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We present a new model of gravity which explicitly breaks Lorentz-invariance by the
introduction of a unit time-like vector field, thereby giving rise to an extra (scalar)
degree of freedom. We discuss its cosmology, exact solutions and the dynamics of the
scalar mode. We show that it predicts inflation without an inflaton and admits the black
hole solutions of General Relativity (GR). We argue that the scalar mode is well behaved
and contains none of the pathologies previously found in similar models.
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1. n-DBI Gravity
The action for n-DBI1 without matter is
S = − 3λ
4πG2N
∫
d4x
√−g
{√
1 +
GN
6λ
(R+K)− q
}
, (1)
where λ and q are arbitrary constants, GN is Newton’s constant, R is the Ricci
scalar and K is defined through a unit, everywhere time-like, vector field nµ as
K = −2∇µ(nµ∇νnν). Concretely, we work in the Arnowitt-Deser-Misner (ADM)
formalism and foliate space-time by space-like hypersurfaces orthogonal to nµ.
The introduction of the vector field allows the field equations to remain second
order in time derivatives, while becoming higher order in spatial derivatives. Fur-
thermore, it breaks the general diffeomorphisms group of General Relativity down
to the subgroup of foliation-preserving diffeomorphisms:
t→ t+ ξ0(t) , xi → xi + ξi(t, x) . (2)
This gives rise to a scalar degree of freedom in addition to the two tensor modes of
General Relativity, very much alike Horˇava-Lifshitz (HL) gravity.
General Relativity is recovered by taking the double limit λ → ∞, q → 1 while
keeping the product λ(q − 1) fixed, which yields Einstein’s equations with a cos-
mological constant ΛC = 6λ(q − 1)/G2N . Indeed, for weak curvature, the leading
order term in Eq. 1 is the Einstein-Hilbert action with the Gibbons-Hawking-York
boundary term.
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2. Cosmology
The original motivation for this model2 comes from the realization that for a con-
formally flat Universe it yields a Dirac-Born-Infeld type conformal scalar theory.
Concretely, for the Friedmann-Robertson-Walker ansatz
ds2 = l2Pφ
2
(−dτ2 + δijdxidxj) , (3)
where lP is the Planck length, the conformal factor φ is governed by
1
2
φ˙2 + V (φ) = 0 , V (φ) = −1
2
λφ4
[
1−
(
q +
ǫ
λφ4
)
−2
]
. (4)
The integration constant ǫ can be shown to be the energy density of radiation, so we
are actually dealing with a Universe permeated by a perfect fluid obeying ρ = 3p.
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Fig. 1. Left: The effective potential V (φ). Right: Time evolution of the conformal factor φ(τ).
As we can see from Fig. 1, this model naturally results in primordial inflation,
followed by a radiation dominated epoch and subsequent accelerated expansion at
late times. Matter can also be included in this picture without significant qualitative
changes. The current value of the cosmological constant, approximately 10−12 GeV,
and an energy scale of inflation of the order 1015 GeV constrain the free parameters
λ ∼ 10−8, q−1 ∼ 10−110. The required fine-tuning is of the same order as in standard
cosmology, and generates a large hierarchy between the two effective cosmological
constants, 1/
√
1− q−2. It is possible that the scalar mode is in fact acting as an
inflaton. We anticipate that it could source scalar perturbations in the Cosmic
Microwave Background, and hope to report on that soon.
3. Black Hole Solutions
The field equations of n-DBI simplify tremendously if we restrict to solutions with
constant R+K, in which case one can prove the following theorem and corollary:1
Theorem 3.1. Any solution of Einsteins gravity with cosmological constant plus
matter, admitting a foliation with constant R+K, is a solution of n-DBI gravity.
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Corollary 3.1. Any Einstein space admitting a foliation with constant (3)R −
N−1∆N (where N is the lapse and (3)R the Ricci scalar of the 3-dimensional hy-
persurfaces), is a solution of n-DBI gravity.
By requiring spherical symmetry, one can explicitly obtain the Schwarzschild,
Reissner-Nordstro¨m and (anti) de Sitter black hole solutions, albeit in an unusual
set of coordinates. Unlike General Relativity, however, the cosmological constant
is not determined at the level of the action but appears instead as an integration
constant. Corollary 3.1 can be interpreted as the maximal slicing gauge condition
common in Numerical Relativity, and it is then straightforward to show that the
Kerr metric in Boyer-Lindquist coordinates is also a solution of n-DBI gravity.3
4. The Scalar Mode
The existence of an extra scalar degree of freedom was established through Dirac’s
theory of constrained systems.4 Whereas in GR the Hamiltonian constraint is auto-
matically preserved, here its time evolution gives an equation for the scalar mode.
By studying perturbations around flat space, we concluded that this mode is non
propagating and carries no energy. We further argued that it is free from the patholo-
gies that afflict some versions of HL gravity, namely the issues of vanishing lapse,5
short-distance instability and strong coupling.6 This good behaviour stems from the
non-linear lapse terms in the action, also introduced in healthy extensions of HL
gravity.7 However, its true nature and possible observational consequences remain
to be understood, and will be the subject of future work.
Acknowledgments
F.C. is funded by FCT through the grants SFRH/BD/60272/2009. This work was
partially supported by the Grant-in-Aid for Nagoya University Global COE Pro-
gram (G07), by FCT (Portugal) through the project PTDC/FIS/116625/2010 and
by the Marie Curie Action NRHEP295189-FP7-PEOPLE-2011-IRSES.
References
1. C. Herdeiro, S. Hirano and Y. Sato, “n-DBI gravity,” Phys. Rev. D 84 (2011) 124048.
2. C. Herdeiro and S. Hirano, “Scale invariance and a gravitational model with non-
eternal inflation,” JCAP 1205 (2012) 031.
3. F. S. Coelho, C. Herdeiro and M. Wang, “n-DBI gravity, maximal slicing and the Kerr
geometry,” arXiv:1301.1070 (2012).
4. F. S. Coelho, C. Herdeiro, S. Hirano and Y. Sato, “Scalar graviton in n-DBI gravity,”
Phys. Rev. D 86 (2012) 064009.
5. M. Henneaux, A. Kleinschmidt and G. Lucena Gomez, “A dynamical inconsistency of
Horˇava gravity,” Phys. Rev. D 81, 064002 (2010).
6. D. Blas, O. Pujolas and S. Sibiryakov, “On the Extra Mode and Inconsistency of
Horˇava Gravity,” JHEP 0910, 029 (2009).
7. D. Blas, O. Pujolas and S. Sibiryakov, “Consistent Extension of Horava Gravity,”
Phys. Rev. Lett. 104 (2010) 181302.
